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ABSTRACT 
The present study aimed to further investigate previous findings (Chan, Ho & 
Cheung, 1998) which suggested that music training might improve verbal, but not 
visual memory. Ninety children aged 6 to 15 (mean = 10.66) were recruited. Half of 
them had 1 to 5 years of training with a western musical instrument (MT) and half 
had no such training (NMT). They were matched (n > .05) by age, education level, 
and socioeconomic characteristics. Analysis of their performances on the Hong 
Kong Weschler Intelligence Scale for Children (Psychological Corporation, 1981) 
suggested that in general, the two groups were similar in Verbal and Performance IQ. 
Their verbal and visual learning and retention abilities were assessed with the Hong 
Kong List Learning Test (Chan & Kwok, 1999) and the Brief Visuospatial Memory 
Test-Revised (Benedict, 1997), respectively. Consistent with the previous study, the 
M T group demonstrated better verbal, but not visual, learning and memory ability 
than the N M T group. The duration of music training significantly predicted the 
verbal learning ability, even after partialling the variance accounted for by their age 
and Verbal IQ. There was no relationship between beginning age of music training 
and verbal learning ability. Whether this behavioral pattern was related to 
neuroanatomical changes remains to be further explored. 
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摘要 
本論文旨在延續過去一項有關音樂訓練可能提昇語言記憶力之硏究 
(Chan，Ho, & Cheung，1998)。硏究共邀請了九十位年齢界乎六至十五 
歲（平均値爲十點六六）之兒童，當中有半數曾接受一至五年音樂 
訓練，有半數卻不曾接受任何音樂訓練。兩組人之年齢、教育程度 
及社會經濟地位相約。《香港韋氏兒童智力量表》（Psychological 
Corporation, 1981)之評估顯示，他們之語文及操作智商大致相同。 
他們的語言及圖像記憶力分別以《香港文字記憶學習測試》（Chan 
& Kwok，1999)及《簡短視覺空間記憶測試一修訂版》（Benedict, 
1997)來評估。測試結果跟早前所得之發現一致：曾接受音樂訓練 
之兒童比不曾接受任何音樂訓練之兒童表現出較佳之語言學習及記 
憶能力。而他們的圖像記憶力卻並無差別。除去年齢及語文智商所 
形成的差異，音樂訓練的年期能對語言學習能力作出統計學上重要 
的預測，而開始接受音樂訓練的年齢，卻與語文學習能力無關。這 
些行爲表現能否歸因於腦部結構上的轉變，仍有待進一步探究。 
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CHAPTER I - INTRODUCTION 
One of our previous studies (Chan, Ho, & Cheung, 1998) showed that young 
adults who had at least six years of music training with a Western instrument before 
the age of 12 demonstrated better performance in verbal, but not visual, memory 
tasks than those who had no such training. This dissociation in behavioral pattern 
was consistent with neuroimaging evidence revealing an enlargement in the left 
planum temporale in musicians relative to non-musicians (Schlaug, Jancke, Huang, 
& Steinmetz, 1995). Since the left temporal region of the brain mainly mediates 
verbal memory and the right one visual, it was proposed that music training might 
bring about certain neuroanatomical changes in the former area, which in turn 
facilitate functions controlled by it. The present study was a continuation of the 
previous one to further investigate the effects of music training on memory of 
children. Particularly, it aimed to determine the relationships between the duration 
of music training, the age at which music training began and memory performance. 
Theoretical Background 
Environmental Stimulation and Brain Functions 
Experience / environmental stimulation can affect the development of brain 
functions is an accepted fact. Numerous animal and human studies on 
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neuroplasticity provide converging evidence supporting this. The most typical 
example is the effects of an enriched or stimulating rearing environment on the 
development of animals. It has long been demonstrated that animals reared in 
complex, stimulating environments showed superior performance in various learning 
tasks (e.g.，Hebb, 1949; Juraska, Henderson, & Muller, 1984; Rosenzweig & 
Bennett, 1996; Kolb, 1996). Not surprisingly, the nature of environmental effects 
could be positive as well as negative. An extreme example is the effects of sensory 
deprivation. Animals which were deprived of visual stimulation during early life 
resulted in impaired visual abilities when grown up (e.g., Wiesel, 1982; Wiesel & 
Hubel, 1963; Gordon & Stryker, 1996). 
Similar phenomenon has been observed in human population. For instance, it 
is well documented that prolonged and high level of stress impairs learning and 
memory (e.g.，Lupien & Meaney, 1998; Bremner & Narayan, 1998; Rosch, 1997; 
Sapolsky, 1992; for detail review, McEwen, 2000). On the other hand, certain kinds 
of experience were suggested to be beneficial to the development of human cognitive 
functioning. Physical exercises, walking activities in particular, were found to bring 
about neurocognitive improvements in processes mediated by the frontal parts of the 
brain (Kramer, et al., 1999; Emery, Huppert, & Schein, 1995). Musical exposure 
(e.g., Rauscher, Shaw, & Ky, 1993; Rideout & Laubach, 1996) and music training 
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(e.g., Chan et al., 1998; Gardiner, Fox, Knowles, & Jeffrey，1996; Kilgour, Jakobson, 
& Cuddy, 2000; Rauscher, Shaw, Levine, Wright, Dennis, & Newcomb, 1997)， 
which is the focus of the present study, were also showed to enhance certain aspects 
of cognitive abilities, although sometimes contrasting results had been yielded 
depending on the choices of dependent measures and experimental manipulations 
(e.g., Newman, Rosenbach, Bums, Latimer, Matocha, & Vogt, 1995; Stough, Kerkin, 
Bates, & Mangan, 1994; Wilson & Brown, 1997; Rauscher & Shaw, 1998; Natais & 
Schellenberg, 1999). 
The Hyyothesized Svecificitv of the Effects of Experience on Brain Functions 
Although it is well known that experience can shape the development of brain 
functions in certain ways, the underlying mechanisms remains unclear. To no one's 
astonishment, particular experience could affect the development of related 
functions. For example, visual deprivation only affects performance in tasks 
involving visual learning but not general learning ability (Tees & Caitwright，1972). 
By the same token, it will not be surprising to find that regular exercises will 
improve our cardiovascular functioning. Nonetheless, evidence suggested that 
certain kinds of stimulation could lead to changes in brain functions that may not 
directly be linked to such stimulation itself. Rauscher and her colleagues (1997) 
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reported that preschool children who received private piano keyboard lessons, but 
not those who received computer lessons nor no lessons, demonstrated significant 
improvement in a spatial-temporal reasoning task. They proposed that music 
training resulted in modifications in brain areas that are responsible for the task. 
Therefore, the changes in brain functions seem to be hinge more on the parts of the 
brain that have been modified than the specific kind of stimulation that has been 
received. Resembling the effects of head injuries on cognitive functions, whether 
they are the results of car accidents or prolonged alcoholic drinking seems to be less 
relevant, what do matter are the particular areas of the brain that have been damaged. 
No wonder the mentioned adverse effects of long-term stress on memory were found 
/ 
to be related to probable atrophy in the corresponding brain structure, that is, the 
hippocampus. 
In fact, it has been suggested that environmentally induced anatomical 
modification should be correlated with behavioral differences (Kolb, 1996), but 
relatively few studies provide explicit linkage between them. Our previous study 
(Chan et al., 1998) is the first one to demonstrate a dissociating behavioral pattern 
that matched with brain imaging evidence, supporting that the effects of experience 
on development of brain functions should be specific to neuroanatomical changes. In 
the study, female college students with music training lessons during childhood 
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learned approximately 16% more words than those without such training in a list-
learning taskthe Hong Kong List Learning Test (Chan & Kwok, 1999). However, 
they were not different from each other in visual memory abilities assessed with the 
Benton Visual Retention Test (Sivan, 1992). Both results were replicated when the 
participants were tested again with another list-learning task and another visual 
memory test一the Rey-Osterreith Complex Figure Test (Rey, 1941; Ostemeth, 
1944). These findings were consistent with the mentioned magnetic resonance 
imaging data revealing a greater region in the left temporal lobe in musicians than in 
non-musicians (Schlaug, et al., 1995). It was therefore proposed that music training 
might lead to better development in that particular area of the brain and so 
facilitating the functions mediated by it, i.e. verbal memory. Thus, music training 
may have long-term positive effect on verbal memory. 
Music Training and Verbal Abilities 
Besides neuroimaging evidence, the findings of our previous study were also 
consistent with a recent behavioral study which demonstrated that undergraduates 
with music training outperformed those without music training in memorizing verbal 
materials (Kilgour, Jakobson, & Cuddy，2000). In the study, the musically trained 
group displayed superior memory abilities of both sung and spoken materials in 
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immediate recall as well as 15-min delayed recall conditions. Their results were 
replicated twice with IQ scores being controlled for. These are important findings; 
for they support the view that superior verbal memory performance in participants 
with music training is not simply an artifact of a group difference in general 
intellectual ability. 
Music Training and Spatial Abilities 
Another line of studies however focuses on the effects of music training on 
spatial and mathematical learning abilities (e.g., Gardiner, et al.，1996; Graziano， 
Peterson, & Shaw, 1999; Rauscher, et al., 1997). Rauscher and her colleagues (1993, 
1997) were the pioneers in proposing the "Mozart Effect". They suggested that 
listening to the Mozart Sonata K448 could improve spatial temporal reasoning 
ability, which "involves maintaining and transforming mental images in the absence 
of a physical model", whereas music training could even cause long-term 
enhancement of such ability. Although the effects of long-term music training 
should not be confused with those of short-term musical exposure, they suggested 
similar theoretical background for both effects. They argued that music cognition 
shared common neural activities with spatial temporal reasoning and that music 
training would modify brain areas responsible for the ability, possibly the left 
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temporal and right prefrontal cortex they suggested. Their findings aroused public 
interest in replicating the Mozart Effect, but contrasting results yielded (Newman wt 
al., 1995; Rideout, et al.，1996; Stough, et aL, 1994; Wilson, et al.，1997; Nantais, et 
al., 1999; Steele, Bass, & Crook, 1999). Rauscher and Shaw (1998) argued that the 
choice of dependent measures to be accounted for such inconsistency and suggested 
that spatial imagery and a temporal ordering nature to be essential components for 
the Mozart Effect. On the other hand, however, only a handful of studies further 
examined the effect of long-term music training on the spatial ability. While one 
study reported enhanced mathematical learning skills in children participating in a 
music and visual-arts curriculum which emphasized sequential skill development 
(Gardiner et al., 1996); another study (Gromko & Poorman, 1998) found only a 
trivial improvement effect of music training on preschoolers' spatial-temporal task 
performance. Neither did a recent study (Aleman, Nieuwenstein, Bocker, & de 
Haan, 2000) show a difference in visual imagery ability between a musically trained 
group and a non-musical one. Although the relationship between music training and 
spatial-temporal reasoning ability is not the main interest of the present study, their 
findings imply an important message that the effects of music training on cognitive 
abilities do not have a general nature. Rather, such effects should be specific, which 
can only be tapped by specific tasks such as paper-folding ones. Accordingly, as 
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suggested by Rauscher (1997)，music training could possibly modify the left 
temporal cortex and facilitates its functions. Given that such area mainly mediates 
verbal memory, those with music training should perform better on verbal memory 
tasks than those without such training. On the contrary, since the effect of music 
training should be specific to the area of modification, a musically trained group 
should demonstrate comparable visual memory skills with a non-musically trained 
one. 
Duration of Music Training and Verbal Memory 
W e provided preliminary data suggesting that music training might have 
long-term positive effect on verbal memory. However, there are still rooms for 
establishment of more conclusive evidence and refinement of our theory. In our 
previous study, young adults who had had at least six years of training with a western 
musical instrument before the age of 12 demonstrated better performance in a verbal 
memory test than those who had not did. The time course of the development of the 
effects of music training on memory functions, however, remains unclear, although it 
would be of theoretically, practically and clinically significance. For instance, would 
those who had less than six years of training also demonstrate superior verbal 
memory than those who had not? Would longer duration of music training bring 
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about more improvement? Would the effect be the same if one had only one year of 
training versus more years? Or would the effect be significant only after six years of 
training? Hence, this study tried to trace about the process during which music 
training could have an influence on memory development. For the sake of this, 
subjects with various duration of, but less than six years of, music training were 
recruited in order to explore the relationship between the duration of music training 
and verbal memory performance. Based on studies on neuroplasticity which showed 
that the longer the environmental stimulation, the larger/or more severe the effects on 
development of brain functions (Maire-Lepoivre, Przybyslawski, Gary-Bobo, 1988; 
Rosenzweig, Leiman, & Breedlove，1999; Rosinski, 1977), it was anticipated that a 
positive correlation between the length of music training and verbal memory ability 
should be found. 
The Ase at which Music Training Begins and Verbal Memory 
The timing of specific experience could be important since its onset at different 
point of development could have different effects in terms of nature and magnitude, 
such as the imprinting in baby ducks (Hess, 1973) and socialization in dogs (Scott, 
1978). In extreme cases, an absence or delayed of such stimulations would impair 
the normal development of certain functions. For instance, cats that were deprived of 
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visual experience during maturation period would still have deficits in vision even 
after later experience in normal lighting condition (see Greenough, 1975). However, 
the effects of such experience become relatively smaller and slower to develop after 
certain sensitive or critical period. Similarly, in humans, there seem certain critical 
or sensitive periods within which certain kinds of experience could have great or 
even long-lasting effects on later development. For instance, the first year of life is 
regarded as a sensitive period for the formation of secure attachment in children (Bee, 
1995). Another example is the existence of a critical period for language acquisition 
(Lenneberg, 1967) with a linear decline over age in learning second language before 
puberty clearly demonstrated (Johnson & Newport, 1989), though some researchers 
argued against it (See Birdsong，1999 for detailed discussion). A sensitive period of 
human cognitive development in which different types of experience at different 
points of time appear to affect different dimensions of cognitive functioning was also 
proposed (see Tamis-LeMonda & Bomsterin, 1987 for details). 
Therefore, it was anticipated that different ages of beginning of music 
training could also mediate the effects of music training on verbal memory. In fact, 
age at which music training begins has been demonstrated to be associated with the 
development of certain cortical representations (Elbert et al., 1995; Pantev, et al” 
1998). Some of the investigators proposed that the younger the participants who 
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started playing an instrument, the larger the cortical re-organization, although such 
claim is still controversial (Monaghan, Metcalfe & Ruxton, 1998). Compatible with 
these findings is the negative correlation found between age at onset of musical 
training and the possession of absolute pitch/perfect pitch, which is an ability to 
immediately name the pitch of a tone without reference (Cohen & Baird, 1990; 
Sergeant, 1969; Miyazaki, 1988). If the effects of music training on memory 
functions are caused by modification of the cortical areas and the development of 
such re-organization is affected by the onset age of music training, the age at which 
the subject begins music training should also have an effect on memory 
development. In the present study, it was predicted that the younger the subjects 
begin music training, the better the relative verbal memory performance they should 
demonstrate. 
Children as the Target Sample 
Contrary to our previous study which involved adult participants with and 
without music training in their childhood, the present study chose children as the 
target sample to investigate the relatively immediate effect of music training on 
verbal memory during such training. Since the development of verbal skill is critical 
during childhood (Johnson & Newport, 1989; Lenneberg, 1967; Witelson, 1987; 
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Curtiss, 1977) and the effects of experience have been revealed more rapidly and 
with greater magnitude in younger brains than older ones (Banich, 1997; Jacobson, 
1969; Kolb, 1996; Lemer, 1984; McCall, 1981; Rosenzweig, 1999; Scott, 1968), the 
effects of music training on verbal memory functions in a group of children should 
be apparent. Actually, there is some indication from behavioral studies that the 
effects of music training were more obvious in younger participants than in adults 
(Miller & Eargle, 1990). Thus, on the basis of our previous finding supporting the 
specificity of the effects of structural changes, we hypothesized, in the present study, 
that children with experience of prolonged music training would demonstrated better 
verbal memory than those without such training. On the other hand, there should be 
no difference in visual memory between them. 
Music Training 13 
CHAPTER n - M E T H O D 
Participants 
Ninety male primary and secondary school students aged between 6 and 15 
(mean = 10.66) were recruited from the Raimondi College on a voluntary basis. Half 
of them had 1 to 5 years of music training on a Western instrument (MT). They had 
begun such training around ages from 4 to 13, and were participating in the Band and 
Orchestra Program of the school, which provided them with music training lessons 
for at least one hour per week. Half of them had no such training (NMT) and were 
the classmates of the M T group. Their demographic information is shown in table 1. 
Table 1 
Demographic characteristics of the M T and the N M T groups 
M T N M T 
(n 二 45) (n 二 45) 
Variable M 土 SD M 土 SD t-value p-value 
Age (years) 10.99 土 2.20 10.32 ± 2.55 -1.328 n.s. 
Education Level (years) 5.44 ±2.04 4.69 ± 2.47 -1.584 n.s. 
Father's Education Level* (years) 11.78 土 2.99 12.09 士 2.77 .512 n.s. 
Mother's Education Level* (years) 11.13 土 1.77 11.25 土 2.14 .281 n.s. 
Family Income* (thousands of HK$) 41.41 土 25.21 49.84 ± 35.85 1.276 n.s. 
^Respondent Rates ranged from 98% to 99%. 
n.s. = non-significant 
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Two-tailed t-tests demonstrated that they were matched (2 > .05) in terms of 
age, education level, and socio-economic characteristics including parents' education 
levels and family income. All participants were in good health and right-handed. 
Materials 
Verbal Learning and Memory Measure: 
The Hong Kong List Learning Test (HKLLT) --Form One (Chan & Kwok, 
1999), which is an indigenously developed verbal memory test, was chosen to assess 
the verbal learning and memory abilities of the participants. It is a 16 two-character 
Chinese word list containing four items—from four categories: family member, 
country, furniture and vegetables. The first two categories are relatively abstract, and 
the latter two are more concrete. The words in the list were randomly organized in 
such a way that no two items of the same category were presented consecutively. 
The word order was fixed and presented orally to each subject three times. 
Participants were asked to recall as many words as possible in the three learning 
trials and after a lO-min and a 30-min delayed recall trial. The total learning score, 
with a maximum of 48 points, was obtained by summing up the number of words 
recalled during the first three learning trials. Verbal retention ability was evaluated 
[(Number of words recalled in the delayed trials / Number of words learned in the 
learning Trial 3) x 100%] and then analyzed. 
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Visual Learning and Memory Measure: 
Brief Visuospatial Memory Test-Revised (BVMT-R) (Benedict, 1997), with 
desirable sensitivity and construct validity reported (Benedict & Groninger，1995), 
was used to assess the visual learning and memory abilities of the participants. It 
was chosen for its brevity and procedural similarity to the HKLLT so that a clearer 
comparison between verbal and visual learning and memory abilities could be made. 
It consists of six geometric figures drawn in a 2 x 3 matrix and was presented to each 
participant for 10 seconds thrice. Immediately after every presentation, participants 
were asked to recall the figures on another piece of paper in the same location as 
much as they could. Visual retention ability was assessed after a 10-min and a 30-
min periods of distracting and intervening tasks. The maximum score for each trial 
was 12 points and the scoring criteria account for both accuracy and position of the 
figures (Benedict, Schretlen, Groninger, Dobraski & Shpritz，1996). The total 
learning score was obtained by summing up the scores across the three learning trials 
and the retention scores in the 10-minute and 30-ininute delayed recall trials were 
calculated as [(Number of designs recalled in the delayed trials / Number of designs 
learned in the learning Trial 3) x 100%]. 
The Rey-Osterrieth Complex Figure Test (ROCF) (Rey, 1941; Osterrieth, 1944), 
which is often perceived as a sensitive test of visual memory (Lezak, 1995; Spreen 
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& Strauss，1991)，was also used to assess visuo-spatial constructional ability and 
visual memory ability. Participants had to copy the complex figure and then, without 
prior warning, reproduce it from memory. The immediate recall trial was followed 
by a 30-minute delayed recall trial. The figure was scored according to Taylor 
scoring criteria based on the accuracy and position of the details drawn (Taylor, 1959) 
and the maximum score for each trial was 36 points. It was relatively more difficult 
than the BVMT-R and thus provided additional information of the visual abilities of 
the participants. 
Measure of General Intelligence: 
Considering possible confounding effects of differences in general intelligence 
among the participants on the results, the Hong Kong-Weschler Intelligence Scale for 
Children (HK-WISC) (Psychological Corporation, 1981) was also administered. A 
short-form which consisted of two Verbal and two Performance subtests was chosen 
for general representation of the participants' verbal and performance skills. 
Particularly, their Verbal IQ was pro-rated from the Vocabulary and Digit Span 
subtests and Performance IQ the Picture Completion and Block Design subtests. 
Vocabulary and Block Design were chosen for their excellent reliability and high 
correlation with the Full Scale IQ (Sattler, 1988). Digit Span and Picture Completion 
were chosen for their quick administrations. 
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Vocabulary： This task is mainly regarded as a test of word knowledge, and an 
excellent representation of general mental ability. Performance in the subtest is 
related to cultural opportunities at home, long-term memory, verbal comprehension 
and verbal concept formation (Sattler, 1988). It consists of 32 two-character Chinese 
words arranged with increasing difficulty and participants were asked to explain the 
meaning of each of them. 
Digit Span: This measure assessed auditory attention and sequential processing 
of the participants (Sattler, 1988). It consisted of two parts: Digit Forward, in which 
participants had to repeat the list of digits in the same sequence as it was orally 
presented, and Digit Backward, in which participants had to reverse the sequence. 
Block Design: This task is regarded as the best measure of visuospatial 
organization in the Wechsler scales (Lezak, 1995) and is a test of nonverbal 
reasoning, perceptual reproduction, perceptual analysis and synthesis, and visual-
motor coordination (Sattler, 1988). Participants were given four or nine red and 
white blocks, each having two white, two red, and two half-red-half-white sides. 
They had to construct a four-block or a nine-block design according to the model 
presented in a two-dimensional small scale within a time limit of one minute and two 
minutes respectively. 
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Picture Completion: This is a test of nonverbal reasoning, perceptual 
organization, and visual discrimination. It also requires concentration ability and 
long-term visual memory (Sattler, 1988). Participants were presented with 20 line 
drawings of objects from everyday life and had to point out a missing important 
element of each object within a time limit of 20 seconds. 
The raw and scaled scores of all of the above subtests and the pro-rated Verbal IQ, 
Performance IQ and Full Scale IQ were calculated according to the HK-WISC 
manual 
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CHAPTER m - RESULTS 
General Intelligence 
Two-tailed t-tests were performed on participants' scores in the HK-WISC 
and indicated that the M T group was not different from the N M T group in Full Scale 
IQ [t(88) = -1.70, U.S.], Verbal IQ [t(88) = -1.56, n.s.] and Performance IQ [t(88)=-
1.50, n.s.] (Table 2a). 
Table 2a 
Performance on general intelligence of the M T and the N M T groups 
M T N M T 
Variable M 土 SD M 士 SD t-value p-value 
Full Scale IQ 121.40 士 10.20 117.29 士 12.62 -1.70 n.s. 
Verbal IQ 117.49 土 11.42 113.64 ± 11.95; -1.56 n.s. 
Performance IQ 121.07 士 12.47 116.51 土 16.07 -1.50 n.s. 
n.s. = non-significant 
Although not statistically significant, the M T groups seemed to be a bit 
higher than the N M T groups in all the above scores. Thus, further analysis was done 
on individual sub-tests of the HK-WISC to scan for subtle differences between them. 
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Table 2b presents the test performance on the two Verbal and the two Performance 
sub-tests for the M T group and the N M T group. Two-tailed t-tests again confirmed 
the above findings and suggested that the two groups were similar in general 
intellectual abilities, verbal and performance skills, and provided justification that the 
following analyses should not be confounded by this factor. 
Table 2b 
Performance on individual intelligence sub-tests of the M T and the N M T groups 
M T N M T 
Variable M 土 SD M 土 SD t-value p-value 
Digit Span 11.29 ±2.78 10.93 土 2.75 -.61 n.s. 
Vocabulary 13.96 ±2.18 13.04 土 3.03 -1.64 n.s. 
Block Design 13.49 ±2.04 13.05 ±2.89 -.83 n.s. 
Picture Completion 12.64 士 2.54 11.73 土 2.67 -1.66 n.s. 
n.s. = non-significant 
Verbal Learning and Retention Ability. 
Figure 1 presented the mean number of words recalled in the three learning 
trials and the two delayed recall trials of the HKLLT. A Group (MT, NMT) x Trial 
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(learning trial 1 to 3) repeated measure A N O V A was conducted to investigate 
possible effects of music training on verbal learning abilities in children. The main 
effect of group [F(l, 8 8 ) 二 2 5 . 9 3 , ^ < . 0 0 1 ] was significant, suggesting that in general, 
the M T group recalled more words than the N M T group. The total learning scores 
across the three trials showed that the M T group learned approximately 20% more 
words than the N M T group [MT: 32.31 土 5.07; NMT: 27.00 土 4.82]. The main 
effect of trial [F(2, 176) = 332.73, ^  < .001] was also significant. Post-hoc t-tests 
showed that in general, participants learned more words on the second trial than the 
first one and learned more words on the third trial than the second one. The Group x 
Trial interaction effect [F(2, 176) = .10，n.s.] was not significant, indicating a similar 
verbal learning pattern between the two groups. 
A Group (MT, NMT) x Recall Condition (lO-min, 30-min delayed) repeated 
measures A N O V A was used to analyze the percentages of words retained in the 10-
min and 30-min delayed recall trials in order to examine the effect of music training 
on verbal retention ability. The main effect of group [F(l, 88) = 10.69, £ < .01] was 
significant, demonstrating that in general, the M T group had superior verbal retention 
ability than the N M T group. The main effect of the recall condition [F(l, 88) = 4.41， 
2 < .05] was significant. A post-hoc t-test revealed that in general participants 
recalled more words in the 30-min delayed recall trial than in the 10-min one. 
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However, inspection of the retention scores suggested only a trivial difference 
between the two trials [10-min: 10.51 土 2.91; 30-min: 10.83 土 2.76]. The Group x 
Recall Condition [F(l, 88) = 2.34, n.s.] was non-significant, implying a similar 
pattern of retention between the two groups. 
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Hong Kong List Learning Test 
1 16「 
14 -
I 12 - ^ ^  
I 10 _ ^ ^ + M T 
t 8 - - i i -NMT 
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1 4 -
I 2 
口 Q I I 1 1 1 “ ‘ 
；I Trial 1* Trial 2* Trial 3* 10-min 30-inin 
delay delay 
recall* recall* 
*p<.01 
Fig. 1. Performance on verbal learning and memory abilities of the M T and 
the N M T groups. 
Music Training 24 
Visual Learning and Retention Ability. 
Figure 2 displays the mean scores of the M T and the N M T groups obtained in 
the three learning trials, and the two delayed-recall trials of the BVMT-R. A Group 
(MT, N M T ) X Trial (learning trial 1 to 3) repeated measures A N O V A was used to 
investigate effects of music training on visual learning abilities in children. The main 
effect of group [F(l, 88) = 1.38, n.s.] was not significant, supporting similar visual 
learning abilities between the two groups [MT: 28.64 土 4.40; NMT: 27.36 土 5.90]. 
The main effect of trial [F(2, 176) = 196.99, 2 < .001] was significant. Post-hoc t-
tests showed that in general, participants learned more figures on the second trial 
than the first one and learned more figures on the third trial than the second one. The 
Group X Trial interaction effect [F(2, 176) = .25, n.s.] was not significant, indicating 
a similar visual learning pattern between the two groups. 
A Group (MT, NMT) x Recall Condition (10-min, 30-min delayed) repeated 
measure A N O V A was used to analyze the retention scores in the 10-min and 30-min 
delayed recall trials in order to examine the effect of music training on visual 
retention ability. The main effect of group [F(l, 88) = .11，n.s.], and the main effect 
of the recall condition [F(l, 88) = 1.68, n.s.] and the Group x Recall Condition 
interaction [F(l, 88) = .01，n.s.] were not significant. These suggested no difference 
in visual retention ability and in visual retention pattern across recall conditions 
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between the two groups, and in general, participants performed similarly in the 10-
min and the 30-min delayed recall trials. 
Comparisons of the Copy trial scores of the two groups in the ROCF test [MT: 
26.60 士 4.15; NMT: 26.88 士 4.17; t(88) = .32, n.s.] showed no difference in their 
visuo-spatial constructional ability. Analyses on the scores obtained in the 
immediate [MT: 18.63 土 5.89; NMT: 16.60 士 6.78; t(88) = -1.52, n.s.] and the 10-
min delayed [MT: 17.72 士 5.69; NMT: 16.30 士 6.63; t(88) = -1.09，n.s.] recall trials 
in the ROCF test again yielded no difference in their visual memory abilities and re-
confirmed the findings obtained from the BVMT-R. 
To justify that the above findings were not due to any subtle differences in the 
general intelligence among the participants, all of the above analyses were re-done 
with repeated measures analysis of covariance (ANCOVA) or multivariate analysis 
of covariance (MANCOVA) using Full Scale IQ as the covariate. The main effects 
of group in verbal total learning [F(l, 87) = 22.29，^ < .001] and retention abilities 
[F(l, 87) = 10.62, 2 < .01] were re-confirmed, and, again, no difference was found 
between the M T and the N M T groups in their visual total learning [F(l, 87) = 0.66， 
n.s.] and retention [F(l, 87) = 0.16, n.s.] abilities measured by the BVMT-R. 
Similarly, M A N C O V A results suggested no differences between the two groups in 
their scores obtained in the Copy [F(l, 87) = 1.51，n.s.], Immediate Recall [£(1’ 87)= 
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1.13, n.s.] and Delayed Recall trials [F(l, 87) = 0.38，n.s.] in the ROCF test. 
Therefore, the result pattern was consistent with our previous study (Chan, et al., 
1998) and the hypothesized specificity of the effect of music training was supported. 
Music Training 27 
Brief Visuospatial Memory Test-Revised 
S 『 - ^ M T 
^ 6 -
S -» -NMT 
S 4 -
2 -
Q I I I 1 1 1 1 
Trial 1 Trial 2 Trial 3 10-min 30-min 
delay delay 
recall recall 
Fig. 2. Performance on visual learning and memory abilities of the M T and 
the N M T groups. 
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Duration of Music Training and Learning Abilities 
To explore and compare the relationship between the duration of music training 
and verbal memory performance and that between duration of music training and 
visual one, two scatter-plots of the total learning score as a function of the number of 
years of music training were constructed for the HKLLT (Fig. 3) and the BVMT-R 
(Fig. 4) respectively. The N M T group with zero year of music training was also 
taken into the consideration although it composed of half of the sampling population 
and might affect the association pattern in certain ways. Its inclusion was essential 
for the purpose of investigating the developmental pattern of effect of music training 
on learning abilities from nil to increasing experience of such training. Pearson 
product-moment correlation analyses (n = 90) suggested a positive and moderate 
correlation between duration of music training and verbal learning [r = .59, ^  < .001], 
and a positive but weak one between duration of music training and visual learning [r 
= .22,£<.05]. 
To examine whether or not such relationships were artifacts of participants' 
demographic characteristics and general intelligence, inter-correlations among these 
variables, verbal and visual memory measures and music training background were 
computed. Two correlation matrixes were constructed separately for the M T and the 
N M T groups first (Table 3) to ensure that the associations among variables were 
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generally similar for both groups. Then the data of both groups were pooled together 
to form the matrix for the full sample (Table 4a). 
Since the correlation matrixes include a relatively great number of statistical 
analyses, the problem of inflated type I error was addressed. However, the 
Bonferroni procedure for the adjustment of overall significance level would make 
individual a unreasonably small. In fact, not all of the analyses were of theoretical 
interest and the matrixes themselves only serve as a general description among the 
variables. Therefore, a reasonably conservative p-value, i.e. a = 0.01, was used 
instead. 
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as a function of the number of years of music training. 
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Table 3 shows that in general, verbal learning score of the HKLLT was 
consistently and significantly correlated with age [ MT: r = 0.51, .01; NMT: r = 
0.49, 2 < .01], education level [MT: r = 0.49, u < 01； NMT: r = 0.51, £ < .01], and 
visual learning and memory measures [MT: rs = 0.32 to 0.44; NMT: rs == 0.42 to 0.63] 
for both groups. Similarly, visual learning score of the BVMT-R was consistently 
and significantly correlated with age [MT: r = 0.48，p < .01; NMT: r = 0.67，£ < .01]， 
education level [MT: r = 0.49, 2 < 01; NMT: r = 0.68, n < .01], verbal learning and 
memory measures [MT: r = 0.44; NMT: rs = 0.38 to 0.63], and visual memory 
performance in the ROCF test [MT: rs =0.46 to 0.58; NMT: rs = 0.58 to 0.61] for 
both groups. Therefore, the association pattern among variables was generally 
similar for the two groups. Data from the M T and the N M T groups were then pooled 
together to construct the correlation matrix for the full sample (Table 4a). 
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Table 4a displays the inter-correlations among the demographic variables, 
general intelligence, verbal and visual learning and memory performance, and music 
training background for the full sample. It shows that age was moderately correlated 
with most interested variables including verbal learning score of the HKLLT [r = 
0.50, EL< .01], visual learning score of the BVMT-R [r = 0.60, .01]，visual 
memory score of the ROCF test [r = 0.53，2_< .01], as well as duration of music 
training [r = 0.28，.01]. Thus, another correlation matrix was computed with the 
effect of age controlled (Table 4b). 
From table 4b, it was found that verbal learning was significantly correlated 
with duration of music training [r = 0.54, p_< .01], as well as Verbal IQ [r = 0.37, £ 
< .01] and Full Scale IQ [r = 0.32, 2_< .01], even after partialling out the effect of age. 
Since Verbal IQ was still significantly correlated with duration of music training [r = 
0.27, p_< .05], a sequential regression (N = 90) was performed to determine whether 
the duration of music training uniquely predicted verbal learning ability apart from 
variances accounted for by the effects of age and Verbal IQ. Table 5 shows the 
simple correlations among the variables, the unstandardized regression coefficients 
(B) and the intercept, the standardized regression coefficients (P), the R change as 
the variable(s) entered the model, the R, R^, and adjusted R^ after entry of all the 
three IVs. With age and Verbal IQ in the model, R^ = .35，Echange (2，87) = 23.78，e 
Music Training 35 
< .01. In Model 2, the addition of Year-of-Music-Training significantly improved the 
prediction of total learning, R^ = .51, Echange (1, 86) = 28.42, £ < .01. With all the 3 
IVs in the model, R = .72, F(3,86) = 30.33，£ < .01. Therefore, excluding variances 
accounted for by age and Verbal IQ of the participants, the duration of music training 
reliably predicted the verbal learning ability. The significant positive value of the 
regression coefficient indicated that the more the years of music training the better 
the children's verbal learning ability. 
As mentioned, the visual learning score of the BVMT-R was also correlated 
significantly with the duration of music training [r = .22, £ < .05]. Nonetheless, table 
4b shows that such correlation was not significant [r = .06，n.s.], after controlling the 
effect of age. The same is true for the relationship between visual memory 
performance in the immediate recall trial of the ROCF test and the duration of music 
training. Figure 5 shows the scatterplot of the immediate recall scores in the ROCF 
test as a function of the number of years of music training. The simple correlation 
was statistically significant [r = .21, 2 < .05], but not the partial correlation [r = .08, 
n.s.], with the effect of age controlled. Therefore, the duration of music training 
failed to account for additional variance in visual learning and memory abilities 
assessed with both the BVMT-R and the ROCF test, after partialling out the effect of 
age. 
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Fig.5. Scatter-plot of the immediate recall scores in the ROCF test 
as a function of the number of years of music training. 
Music Training 40 
Beginning Age of Music Training and Verbal Learning Ability 
To explore the relationship between the age at which music training begins and 
verbal memory performance, a scatter-plot of the mean total learning scores in the 
HKLLT as a function of the beginning age of music training was drawn (Fig. 6). 
Pearson product-moment correlation analysis (n = 45) revealed a non-significant 
relationship between them [r = .04, n. s.]. That is, evidence failed to support a 
negative correlation between the verbal learning ability and the beginning age of music 
training of the participants. 
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CHAPTER IV - DISCUSSION 
Replicating the findings of our previous study on young adults (Chan, et al., 
1998), children with less than six years of music training also demonstrated better 
performance in a verbal memory test, but not visual ones, compared with those 
without such training. Evidence suggested that the superior verbal memory 
performance of the musically trained group should neither be due to their socio-
economic characteristics nor their general verbal intelligence. This is also consistent 
with a recent study which demonstrated a better ability in memorizing verbal 
materials in musicians even after controlling the effect of general intelligence 
(Kilgour, Jakobson, & Cuddy, 2000). In addition, the compatible performances in 
both the BVMT-R and the more difficult ROCF tests between the two groups 
justified that the absence of differences in their visual memory abilities should not be 
an artifact of a less sensitive choice of dependent measure. Therefore, these findings 
clearly support the hypothesized specificity of the effects of music training on 
improving verbal memory, but not visual one. 
Relating the present findings with data derived from the neuroimaging study 
which suggested an enlargement in the left planum temporale in musicians ( Schlaug, 
et al” 1995), we propose that long-term music training, with intense practice of 
motor coordination and auditory discrimination, might serve as kinds of sensory 
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stimulation that contribute to reorganization / better development of certain brain 
structures in musicians, which in turn facilitate the cognitive processing responsible 
by the specific brain areas. This concept is in fact parallel to the idea suggested by 
Rauscher and her colleagues (1997). They proposed that music training would 
modify the area responsible for spatial-temporal reasoning and thus with piano 
lessons would improve tasks tapping such ability. 
The speculation that music training might cause neuroanatomical changes is 
not without grounds. There have been various neuroimaging evidence revealing 
structural (Schlaug, Jaencke, Huang &.Steinmetz, 1995，1998; Schlaug, Jaencke, 
Huang, Staiger & Steinmetz, 1995; Amunts, Schlaug, Jaencke, Steinmetz, 
Schleicher, Dabringhaus & Zilles�1997) and functional (Pantev, Oostenveld, 
Engelien, Ross, Roberts & Hoke, 1998; Elbert, Pantev, Wienbruch, Rockstroh & 
Taub, 1995) differences of the brains between musicians and non-musicians. For 
instance, Schlaug and colleagues (1998) reported that the cerebella of musicians 
were 5% larger than those of non-musicians. They reasoned that long periods of 
finger exercises had stimulated extra neural growth in musicians. Similarly, 
evidence from functional magnetic resonance imaging demonstrated a 25% increase 
in cortical representation of auditory processing in musicians (Pantev et al., 1998) 
and the authors suggested the process of acquiring musical skill may cause use-
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dependent functional reorganization of the brain. These diverse evidence strongly 
implies that music training might somehow bring about changes in cortical 
organization / structures of the brain. Because it was commonly acknowledged that 
different brain areas are mainly responsible for different major neuropsychological 
functions, the effects of music training on cognitive abilities should therefore 
correspond to cortical areas that have been modified by such training. In line with 
this notion is the results of another of our recent studies (Chan, Cheung, Ho & He, 
2000) which demonstrated that engaging participants in certain cognitive tasks would 
selectively improve cognitive functions that were mediated by the regions supposed 
to be activated by the tasks. Specifically, participants who were engaged in task 
activating the hippocampus performed better in a memory test, but not motor one; 
whereas those activating the primary motor cortex showed better motor function, but 
not memory. The selective improvement suggested that the effect of 
experience/environmental stimulations on cognitive functions should be specific to 
the brain areas that were affected by such experience/stimulations. 
Literature on hemispheric specialization has long suggested that the left 
hemisphere is mainly responsible for language processing and the right for music and 
visual functioning. The present results, which show a relationship between music 
training and verbal ability, but not visual ability, seem to be counter-intuitive to this 
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common notion. However, there have been increasing neurophysiological data such 
as M E G responses (Hirata, Kuriki & Pantev, 1999) and EEG recordings (Davidson 
& Schwartz, 1977; Hirshkowitz, Earle & Paley, 1978), and behavioral evidence 
(Bever & Chiarello�1974; Johnson, 1977) suggesting a shift from the right 
hemisphere (as in most musically-naiVe subjects) to the left one in the processing of 
music as the music training experience increases. Some researchers (Bever & 
Chiarello, 1974; Davidson & Schwartz, 1977) reasoned that musicians process music 
using an analytical style instead of a holistic one. In view of the use-dependent 
plasticity of mammalian brain which suggests behavioral activities guide / modify 
the development or the synaptic connections of neural structures (Nelson & 
Daveport, 1999), such increase in the use of the left hemisphere might underlie the 
improved functioning mediated by the left temporal area in musicians. However, 
such a proposed mechanism remains to be further determined. 
The present results which demonstrated no difference in visual memory between 
children with and without music training seems to be contradictory with previous 
findings (Rauscher, et al” 1997) which showed significant improvement in a spatial-
temporal reasoning task in preschool children who received private piano keyboard 
lessons. However, since the visual memory tasks used in the present study do not 
involve a temporal nature with emphasis on the sequence or ordering or timing of 
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events, which Rauscher (1998) suggested to be an essential component of the Mozart 
Effect, the present findings are not surprising. On the other hand, it is commonly 
assumed that temporal processing is a major function involving the left hemisphere 
(Banich, 1997; Nicholls, Whelan, & Brown, 1999; Nicholls, Schier, Stough, & Box, 
1999; Nicholls & Whdan�1998; Nicholls, 1996; Kashiwagi, Kashiwagi, Nishikawa 
& Okuda, 1989; Mills & Rollman, 1980). Recent researches also pointed out an 
important role in such processing played by the primary auditory cortex including the 
planum temporale (Penhune, Zatorre, MacDonald, & Evans�1996; Liegeois-Chauvel, 
de-Graaf, Laguiton & Chauvel, 1999).— Taken these together with the knowledge that 
temporal processing ability is critical during both music cognition which emphasizes 
the temporal relationship among sounds, (Banich, 1997) and language processing 
which relies on fine temporal resolution (Berlin, & Zilbovicius, et aL, 1998; 
Bradshaw & Nettleton�1981; Mills & Rollman�1979; Tallal, Miller, Jenkins, 
Merzenich, 1997), the effects of music training on skills involving a temporal nature 
need to be further explored. 
The information about the amount of music training significantly improved the 
prediction of verbal learning ability in children, apart from variances explained by 
differences in age and verbal IQ. Results suggested that the more music training they 
received, the better the verbal learning they demonstrated. This strongly implied that 
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the superior verbal learning ability in children with music training is not simply a 
matter of genetic contribution, or differences in age, education level, verbal IQ or 
family's socio-economic characteristics. An increase in the number of years of 
music training could probably lead to greater extent of cortical re-organization in the 
left hemisphere and thus, yielding increasingly better verbal learning ability. The 
finding was parallel with a study which showed that taxi drivers with extensive 
navigation experience had larger right posterior hippocampus, which is mainly 
responsible for spatial processing, than the controls and that the volume of such area 
was positively correlated with the period of the subjects serving as taxi drivers 
(Maguire, Gadian�Johnsmde, Good, Ashbumer, Frackowiak & Frith�2000). W e are, 
however, certainly not claiming there could be an infinite enhancement of memory 
with increasing years of music training. An optimal amount of music training, which 
contributes to greatest benefit in verbal memory, is expected. Continued exploration 
of the relationship with subjects of a wider range of and length of music training is 
suggested. 
The present evidence failed to support the effect of age of commencement of 
music training on mediating the verbal memory enhancement effect of such training. 
These results seemed to be inconsistent with previous related research suggesting the 
younger the individuals started playing their instruments, the larger their cortical 
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reorganization in brain areas corresponding to certain musical processing (Elbert et 
al., 1995; Pantev, et al., 1998). A possible reason for this inconsistency might be the 
confounding effect of the duration of music training which complicated the effect of 
the age at which music training begins on verbal memory. However, it should not be 
the case since there is no correlation between them in the present sample [r = -.20, 
n.s.], as shown in table 3. Another possible explanation could be that the age at 
which music training begins is actually not a mediator of the effect of music training 
on verbal learning ability or cortical re-organization, as long as one begins the 
training at or before the age of 13 as the participants do in the present study. 
Although one study (Pantev, 1998) which showed a negative correlation between the 
age of inception of musical practice and auditory cortical representation [r = -0.43,它 
=0.031] in musicians who began their training from 3 to 12，it was argued that such 
correlation was weak and even became non-significant if treated with two-tailed tests 
instead of the reported one-tailed ones (Monaghan, Metcalfe & Ruxton, 1998). 
Detailed inspection of the data of another study (Elbert, et al., 1995) which reported a 
strong and significant relationship between age at inception of musical practice and 
cortical representation of the fingers of the left hand in string players [t_ = (-)0.79，2 
=0.01]，suggested a great difference in the amount of cortical reorganization 
between those who began the training before and after the age of 12. Specifically, 
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the dipole strengths, a measurement of cortical reorganization, of finger 
representation for those who began their music training at or before the age of 12 
ranged between 22 to 28 units (nA.m) while the dipole strengths for those who began 
such training after the age of 12 ranged between 11 to 17 units. It is very possible 
that the significant correlation reported caused mainly by the large differences 
between the two groups while within the former group who began training at or 
before the age of 12, the slope of the dipole strength as a function of age of inception 
of musical practice appears to be small or even non-significant. This was consistent 
with the absence of correlation between the beginning age of music training and 
verbal learning ability in children found in the present study. Therefore, taken 
together with the above findings, it is suggested that no matter at which age one 
begins music training, given it is before the age of 13, the more music training one 
received, the better verbal learning ability one is expected to demonstrate. 
The present data did not support a relationship between the beginning age of 
music training and verbal memory ability, it was, nonetheless, anticipated a negative 
relationship between them with a larger and older sample of musicians. Although 
adult plasticity in mammalian brain is generally upheld (Elliott, Howarth & Shadbolt� 
1996; Kaas, 1991，1995; Kami, Meyer, Jezzard, Adams, et al., 1995), younger brains 
still demonstrate greater adaptability to cortical re-organization (Banich, 1997; 
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Jacobson, 1969; Kolb, 1996; Lemer, 1984; McCall, 1981; Rosenzweig, 1999; Scott, 
1968). The limitation of our data prevents further generalization. A relatively large-
scale project is suggested for a bigger picture of the effects of age on the issue 
concerned. Critical age or sensitive period of the effects of music training on verbal 
memory was expected. 
Experience can influence the development and organization of mammalian 
brain structures and functions is an accepted fact supported by numerous animal and 
human studies (e.g. Nakamura, Kobayashi, Ohashi & Ando�1999; Maguire�Gadian� 
Johnsmde, Good, Ashbumer, Frackowiak & Frith, 2000; Pally, 1997; for detailed 
review, Greenough & Black, 1992). The present findings suggested music training 
might improve cognitive functioning corresponding to neuroanatomical structures 
that might have been modified by such training. The theoretical implication of 
experience-induced cognitive improvement would potentially open the window in 
discovering possible ways to enhance human brain functioning as well as designing 
programs for brain-damaged patients. Although the design of the study is a 
correlational one, our data evidently suggested the possibility of causality. With the 
help of longitudinal research design and advanced neuroimaging technique, it is 
believed that more solid and direct evidence could be revealed. 
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